Functional magnetic resonance imaging of adolescents with concussion has demonstrated diminished neural networking efficiency in brain areas that are important for motor control and coordination during dual-task performance, despite normal outcomes on neuropsychological tests, a lack of postinjury symptoms, and normal conventional neuroimaging. 51 Two previous systematic reviews have assessed dual-task testing in individuals with concussion. 33, 50 Register-Mihalik et al 50 reviewed the psychometric properties of the dual-task protocols and concluded that they need to be better established. Lee et al 33 found that the pooled mean difference in gait velocity (-0.17 m/s) between single-and dual-task conditions at 2 days following injury could distinguish those individuals with and without sport-related concussion. However, these reviews U U STUDY DESIGN: Systematic review.
U U BACKGROUND:
When assessed in isolation, balance and neurocognitive testing may not be sufficiently responsive to capture changes that occur with concussion. Normal daily activities require simultaneous cognitive and physical demands. Therefore, a dual-task assessment paradigm should be considered to identify performance deficits.
U U OBJECTIVES:
To evaluate the literature and to identify dual-task testing protocols associated with changes in gait after concussion.
U U METHODS:
A systematic review of articles of individuals with concussion who underwent dual-task testing with a combination of motor and cognitive tasks was conducted. The AMED, CINAHL, Embase, PsycINFO, PubMed, Scopus, SPORTDiscus, and Web of Science databases and gray literature were searched from inception to January 29, 2017 . Title and abstract, full-text, and quality review and data abstraction were performed by 2 independent reviewers. U U RESULTS: Twenty-four articles met the inclusion criteria. Eleven articles reported decreased gait velocity and increased medial-lateral displacement for individuals with concussion during dual-task conditions. Overall, included articles were of poor to moderate methodological quality. Fifteen articles used the same participants and data sets, creating a threat to validity and limiting the ability to make conclusions.
U U CONCLUSION:
A deterioration in gait performance during dual-task testing is present among people with concussion. Specific recommendations for the use of a dual-task protocol to assess individuals with suspected concussion injury in a clinical setting have yet to be determined . J Orthop Sports Phys Ther 2018;48 (2) :87-103. Epub 7 Nov 2017 . doi:10.2519 /jospt.2018 [ research report ] did not address knowledge translation of such tests into clinical practice. Additional articles that have since been published have increased the potential to make more definitive conclusions concerning the use of a dual-task assessment of individuals with concussion. The purpose of this systematic review was to critically evaluate this more recent literature and to identify dual-task testing protocols associated with changes in gait and balance after concussion.
METHODS

Search Strategy
T he AMED, CINAHL, Embase, Psyc INFO, PubMed, Scopus, SPORTDiscus, and Web of Science databases were searched for relevant articles published in English from the inception of the databases until January 29, 2017 . The search strategy included 3 concepts (concussion, cognition, and motor task) and a combination of key words and MeSH terms adapted to each database. The APPENDIX (available at www. jospt.org) describes the search strategy and the gray-literature search of Google and concussion websites. Reference lists of included articles were hand searched for additional relevant articles.
Eligibility Criteria
Two authors (A.D. and K.W.) independently screened all articles for study inclusion criteria: (1) study population included individuals with a diagnosis of concussion, with no age limit; and (2) dual-task assessment of balance and/or gait was performed. Mechanism of concussion was not limited to the sport-related population. Articles were excluded if all participants were healthy or diagnosed with a moderate or severe TBI or other neurological disorder or injury. Articles that measured reaction time as the sole dependent variable of cognitive task performance and those without balance or gait as the specific motor task were excluded. Case studies and case series were excluded. When inclusion could not be determined by screening titles and abstracts, full-text articles were retrieved and screened by 2 independent reviewers. Author consensus was achieved through discussion. Agreement at each stage of inclusion was measured using the unweighted kappa statistic.
Study Selection, Quality Review, and Data Extraction
Two authors (A.D. and K.W.) independently assessed methodological quality of included articles using the scale by Tooth et al, 53 which is a validated and reliable list of criteria for evaluating threats to internal and external validity in observational studies. Thirty-three questions assess recruitment, data collection, bias, data analysis, study population, and generalizability. The maximum possible score is 33, with higher scores indicating better reporting quality.
Two authors (M.K. and L.W.) independently performed data extraction: authors, date of publication, country, study design and setting, sample size, participant demographics, eligibility and exclusion criteria, assessment time points, cognitive and motor tasks of the dual-task paradigm, equipment, results, and key findings. If the authors were unclear on details to be extracted or disagreed as to how data were to be presented, consensus was achieved through discussion with other authors.
RESULTS
I
nitial screening identified 52 eligible articles for full-text review (FIGURE) . Author agreement for inclusion in the full-text review was very good (κ = 0.93; 95% confidence interval [CI]: 0.88, 0.98). Agreement after full-text review was very good (κ = 0.92; 95% CI: 0.80, 1.00). Twenty-five articles [6] [7] [8] [9] [10] [11] [12] [13] [14] 16, 17, 19, 20, [25] [26] [27] [28] [29] 31, 35, 36, [44] [45] [46] [47] met the inclusion criteria. Of these, 1 study 16 included balance as a motor task, which could not be systematically reviewed within a dual-task protocol, and so that article was excluded. Twenty-four articles were therefore included in the analysis (TABLE 1) .
Quality Review Results
The average quality score was 16/33 (range, [14] [15] [16] [17] [18] [19] [20] [21] . Areas that scored most poorly included subject selection, reporting reliability, and validity of gait variable measurement tools. Reporting of results was unclear in many papers and was often presented graphically, without specific point estimates of effect and CIs. Authors were contacted to clarify the reporting of methods. Fifteen publications were identified as originating from the same research laboratory, with similar author groups and methodology. [6] [7] [8] [9] [10] [11] [26] [27] [28] [29] 31, [44] [45] [46] [47] The common author for these papers confirmed that the 15 articles were based on 2 samples, and therefore multiple publications were derived from the same study subjects (personal communication).
Study Designs
Thirteen of the 24 articles (54%) described prospective studies, with assessments at 4 to 7 time points. [8] [9] [10] 19, 20, [26] [27] [28] [29] 31, [45] [46] [47] Eleven articles described cross-sectional studies. 6, 7, [11] [12] [13] [14] 17, 25, 35, 36, 44 Participants ranged in age from 13 to 22 years and were most often high school and university students or athletes. One exception was the study of adults up to 63 years of age. 35 No study reported results based on sex. A diagnosis of concussion using the American Academy of Neurology practice parameter 48 was reported in 11 articles, [6] [7] [8] [9] [10] [11] [12] [44] [45] [46] [47] and using the Consensus Statement on Concussion in Sport 37-39 in 6 articles. [25] [26] [27] [28] [29] 31 Seven articles did not report how the diagnosis was made. 13, 14, 17, 19, 20, 35, 36 Details of study design and quality reporting scores are summarized in Participants were initially assessed within 48 to 72 hours of injury in 16 articles [6] [7] [8] [9] [10] [11] [12] [26] [27] [28] [29] 31, [44] [45] [46] [47] and at several days 13, 14, 17, 19, 20, 25 to several years 35, 36 post concussion. Participants were allowed practice trials of the single-and dualtask protocols prior to data collection. All articles that described prospective studies indicated repeated assessments at days 5 to 7, 2 weeks, and 1 month post injury. [8] [9] [10] 19, 20, [26] [27] [28] [29] 31, [45] [46] [47] Five articles described prospective studies that followed participants for 2 months [26] [27] [28] [29] 31 and 2 re-evaluated participants at 1 year post injury. 19, 20 
Single-and Dual-Task Paradigms
The number of protocols utilized varied from 1 to a combination of 12 dual-task conditions across the 24 articles. [6] [7] [8] [9] [10] [11] [12] [13] [14] 17, 19, 20, [25] [26] [27] [28] [29] 31, 35, 36, [44] [45] [46] [47] The primary or single-task test condition was walking 6 to 18 m at a comfortable, self-selected pace. Four articles [26] [27] [28] 31 did not report the length of the walkway. In 8 articles, 6 ,8,10,12-14,35,36 more complex walking configurations were used, as participants were instructed to step over an obstacle, and in 1 study, 14 the participant had to step down from an obstacle. Fait et al 17 had a stationary obstacle to circumvent and an obstacle that moved either right to left or vice versa across the path of the participant. Fino 19 and Fino et al 20 had pylons to step around to measure path curvature, inclination, and dynamic stability. In 67% of articles, [6] [7] [8] [10] [11] [12] [13] [14] 19, 20, 25, 31, [44] [45] [46] [47] the secondary or cognitive activity was a question-and-answer task based on the mental status examination, as reported by Bell and Hall 2 : participants were asked to spell a 5-letter word backward, subtract by sevens, or recite the months of the year backward. Alternatively or in addition, the auditory Stroop test, 9, [26] [27] [28] [29] 31 visual Stroop test, 13, 14 ,17 the Brooks spatial memory task, 35, 36 and reaction time 9, 10 were used. Instruction to participants on prioritization of the motor and cognitive tasks varied across the articles: to prioritize both tasks equally was stated in 3, 13, 17, 35 not to focus on a particular task was stated in 8, 26, 27, 31, 36, [44] [45] [46] [47] and prioritization was not reported or was unclear in 13. [6] [7] [8] [9] [10] [11] [12] 14, 19, 20, 25, 28, 29 
Study Outcome Measures
Gait Variables To capture gait variables in the laboratory, researchers used reflective markers and cameras [6] [7] [8] [9] [10] [11] [12] [13] [14] 17, 20, [26] [27] [28] [29] 31, 35, [44] [45] [46] [47] or inertial measurement units. 17, 25 Eleven articles described studies that used force plates, [6] [7] [8] [9] [10] 27, 31, [44] [45] [46] [47] and 1 used a walkway embedded with sensors. 36 Researchers measured center-of-mass displacement and peak velocity in the anterior and medial-lateral directions, separation distance between the center of mass and center of pressure, medial-lateral inclination, local dynamic stability, 19 fluidity, 13 gait velocity, stride length and time, and step width. Two articles reported interjoint coordination. 11, 12 One study used an accelerometer 28 to measure changes in acceleration during the gait cycle. Investigators who evaluated obstacle avoidance 6, 8, 10, [12] [13] [14] 17, 19, 20, 35, 36 measured clearance of the lead and trailing feet, as well as obstacle contacts, step and spin turns, and path curvature.
In 11 of 19 articles (58%), gait velocity during dual-task testing was significantly decreased in individuals with concussion compared to controls. 6, 7, 9, 11, 12, 14, 19, 20, 28, 45, 46 Articles with quantitative data based on samples from the same laboratory reported differences that ranged between 0.07 and 0.24 m/s between groups. 6, 7, 11, 28, 45, 46 Individuals with concussion demonstrated increased medial-lateral displacement when assessed with a dual-task paradigm in 11 articles. 6, 7, 9, 26, 27, 29, 31, [44] [45] [46] [47] The articles that reported quantitative data appeared to find differences of a centimeter or less between those with and without a concussion when performing a dual task. Duplicate articles eliminated, n = 368
Article titles and abstracts screened for eligibility, n = 789
Full-text articles screened for eligibility, n = 52
Articles included in systematic review, n = 24
Articles excluded, n = 737
• Did not meet both inclusion criteria, n = 734
• Not in English, n = 3
Articles excluded, n = 28
• Book chapter, n = 2 • Case study, n = 2 • Case series, n = 1 • Conference abstract, n = 8 • Dissertation, n = 2 • Mechanism of traumatic brain injury from causes other than concussion, n = 1 • No concussion participants, n = 2 • No dual-task paradigm using both a cognitive and gait or balance motor task, n = 5 • Dual-task paradigm using balance as motor task, n = 1 • Review paper, n = 4 FIGURE. Flow chart of article inclusion process. 17 found a greater dual-task cost and more cognitive errors in the group with concussion as compared to controls. Catena et al 10 reported a 29% correlation between reduced spatial orientation scores on the ment while walking with a cognitive task compared to controls. Cognitive Task Performance Cognitive task performance was evaluated as the number of errors and response time in 15 articles. 6, 7, 9, 11, 14, 17, 20, [25] [26] [27] 31, 35, 36, 46, 47 Dualtask cost using a change in gait variables or reaction time was calculated in 4 articles. 14, 17, 20, 27 Significant differences in accuracy between groups were found in 7 articles, 14, 17, 20, [25] [26] [27] 31 with individuals with concussion making more errors or having a higher dual-task cost. 19, 20, 45, 47 returning to normal at 6 months 14 to a year. 19, 20 No significant difference in gait velocity was found when participants were assessed approximately 6 years post concussion. 25, 36 Increased medial-lateral displacement was present at 48 to 72 hours in 11 articles 6, 7, 9, [25] [26] [27] 31, [44] [45] [46] [47] and persisted at the 1-and 2-month follow-ups of prospective studies. 26, 27, 31, 46, 47 Gait Variables: Adolescents Versus Adults Gait velocity of adolescents was not significantly different between those with concussion and controls, 13, 25, 27, 31 whereas adults with concussion had a slower gait velocity than controls, 6, 7, 9, 11, 12, 14, 19, 20, 28, 45, 46 most notable within 48 to 72 hours of injury. 6, 7, 9, 11, 12, 28, 45, 46 Both adolescents 26, 27, 29, 31 and adults 6, 7, [44] [45] [46] [47] had an increased medial-lateral displace- especially at 72 h, in all tasks, especially question and answer Used resources/equipment not readily accessible in outpatient clinics (retroreflective markers with a 10-camera motion-analysis system and software, force plates, a stimulus presentation software and headset wireless system with microphone) Participants with concussion walked significantly slower than controls during dual-task walking, with a greater increase in locomotor DTC and path curvature over time ST was significantly slower and SW was significantly wider for participants with concussion during dual-task walking; there was no difference in SL between groups M-L inclination angles were significantly increased in participants with concussion when turning around obstacles, increasing over the 6 wk of testing There was no significant difference in obstacle clearance distance between groups Used resources/equipment not readily accessible in outpatient clinics (reflective markers with a 4-camera motion-analysis system and software) There was no significant difference in gait variables, toe clearance, cognitive test accuracy, or time to complete trials between groups The assessments of falls and fall risk, symptom reporting, and migraine demonstrate "normal" clinical scores and no significant difference between the previously concussed and control groups within age categories Used resources/equipment not readily accessible in outpatient clinics (reflective markers with a camera motion-analysis system and software) Slower gait speed with dual-task testing and during obstacle crossing for the participants with concussion Greater interjoint coordination variability (hip-knee and knee-ankle patterns) in obstacle crossing in the participants with concussion No significant differences between groups with single-task walking Used resources/equipment not readily accessible in outpatient clinics (retroreflective markers with a 10-camera motion-analysis system and software)
Martini et al Participants with a concussion demonstrated increased variability in the amount of clearance over an obstacle in dual-task testing on day 28; there was no significant difference with single-task obstacle clearance or between groups at other time points Increased obstacle contacts and clearance variability in both single-and dual-task testing for the concussion group were negatively correlated with spatial orientation tested by the attention network test on day 2 Used resources/equipment not readily accessible in outpatient clinics (2 force plates, 29 retroreflective markers with an 8-camera motion-analysis system and software) Participants with concussion had a significantly decreased gait speed during all tasks, and increased M-L sway for single-task walking and the question-and-answer task The continuous question-and-answer task was more difficult than the reaction-time task, with a greater decrease in GV and SLs Used resources/equipment not readily accessible in outpatient clinics (29 retroreflective markers with an 8-camera motion-analysis system and software, 2 force plates, and radiotelemetry Participants with concussion adopted a conservative gait strategy (walked slower and had less separation between the CoM and CoP than controls), with an increased M-L sway that was most evident when attention was divided between a cognitive and a motor task up to 28 d post injury Used resources/equipment not readily accessible in outpatient clinics (25 reflective markers with a 6-camera motion-analysis system and software, 2 force plates)
Parker et al 44 
conditions
Single task: walk 10 m at a comfortable, self-selected speed barefoot Dual task: walk 10 m at a comfortable, self-selected speed barefoot while performing simple mental tasks according to the MSE No instruction was given regarding prioritization of task Primary outcome assessed: gait performance (GV, anterior and M-L CoM velocity and displacement, CoP, ST, SL, and SW)
Participants were assessed within 48 h of injury Participants completed 5 trials of single-task walking, followed by the dual-task condition (number of trials not stated)
Both groups had a significantly slower gait speed with dual-task testing compared to single-task testing; the difference was not significant between groups Subjects with concussion had significantly shorter SL and increased M-L displacement compared to controls with dual-task testing Used resources/equipment not readily accessible in outpatient clinics (2 force plates, 25 reflective markers with a 6-camera motion-analysis system and software)
Discrimination and Decision Making
Howell et al 28 * 1 condition Dual task: walk barefoot at a self-selected speed while concurrently completing a continuous auditory Stroop test No statement about which task was prioritized during testing Primary outcome assessed: gait performance (GV, peak forward and ML-accelerations)
Participants with concussion were assessed within 72 h of injury, 1 wk, 2 wk, 1 mo, and 2 mo post injury Control participants were assessed at the same time points Each assessment included 1 practice trial and 4 recorded trials An accelerometer measured a decrease in GV at 72 h and 1 and 2 wk post injury, and a decreased M-L acceleration up to 2 wk, in participants with concussion during dualtask testing post injury Some resources/equipment not readily accessible in outpatient clinics (retroreflective markers with a 10-camera motion-analysis system), but accelerometer could be clinically feasible
Howell et al 26 * 1 condition Dual task: walk barefoot at a self-selected speed while concurrently completing a continuous auditory Stroop test Subjects were not instructed to focus attention specifically on either the walking task or the cognitive task Primary outcome assessed: gait performance (M-L CoM displacement, anterior and M-L CoM velocity, and response accuracy)
Those with a concussion were assessed within 72 h and approximately 1 wk, 2 wk, 1 mo, and 2 mo post injury Control participants were assessed at the same time points 8-10 consecutive trials were administered at each assessment time Adolescents with concussion walked with an increased M-L displacement and decreased cognitive accuracy across 2 mo of testing, whereas young adults with concussion demonstrated a slower anterior CoM velocity at 72 h only with dual-task testing, compared to controls Self-reported symptom severity scores were significantly different between the group with concussion and controls in adolescents up to 2 wk post injury, and in young adults up to 1 wk post injury Used resources/equipment not readily accessible in outpatient clinics (retroreflective markers with a 10-camera motion-analysis system) Dual-task testing was sensitive in determining differences in gait stability (CoM M-L displacement and peak CoM M-L velocity) in participants with a concussion, whereas single-task testing was not; there was a significant worsening of these measures after return to activity in individuals with concussion Dual-task testing was more sensitive than single-task testing in detecting differences between participants with and without concussion No significant differences between groups were found on the neuropsychological task-switching test or the conflict resolution component of the attention network test before return and after return to activity, but dual-task testing was more sensitive than the conflict effect There was no significant difference in self-reported symptom severity scores between concussion and control participants following return to activity Used resources/equipment not readily accessible in outpatient clinics (29 retroreflective markers with a 10-camera motion-analysis system and software) Participants with concussion were assessed within 72 h, 1 wk, 2 wk, 1 mo, and 2 mo post injury Control participants were assessed at the same time points 8-10 consecutive trials of each of the 2 conditions were performed Increased peak anterior CoM velocity, M-L CoM displacement and velocity, and decreased response accuracy with auditory Stroop test were found across all time points with dual-task testing in the participants with concussion There was no significant difference in single-or dual-task gait speed between groups Gait variability findings were noted, despite clinical symptom resolution, in 16 out of 20 concussion participants at 2 mo post injury Used resources/equipment not readily accessible in outpatient clinics (3 force plates, 29 retroreflective markers with a 10-camera motion-analysis system and software, a stimulus presentation software, and headset wireless system with microphone) [ research report ] attention network test 18 and lower leadfoot obstacle clearance in participants with concussion; this was not significant in control subjects. However, the performance of walking with a simultaneous question-and-answer task was better able to discriminate between individuals with and without concussion as compared to walking with obstacles alone 6, 8 or with Stroop tests. 31 Physical, cognitive, emotional, and sleep-related symptoms associated with concussion were reported in 8 articles 9, 11, 13, [25] [26] [27] 29, 47 and used primarily to determine participant eligibility and to track resolution over the time of the study. Three articles 19, 20, 26 reported that gait instability persisted when athletes returned to activity, which supports an earlier study by Howell et al 27 in which increased medial-lateral displacement and decreased cognitive accuracy were found, despite clinical symptom resolution, in individuals 2 months post concussion.
DISCUSSION
T his systematic review further demonstrates that an assessment using a dual-task gait testing paradigm may be able to distinguish individuals with and without concussion. Individuals with concussion exhibited decreased gait velocity, increased mediallateral displacement, and more cognitive errors with dual-task testing. Since the publication of reviews by Register-Mihalik et al 50 and Lee et al 33 in 2013, 13 more cohort studies evaluating a change in gait performance during a dual-task test have been published. The measurement of gait velocity and number of cognitive errors while walking at a self-selected speed and simultaneously responding to a cognitive task may be a clinically feasible tool for physical therapists and athletic therapists to perform in the outpatient clinic and on-field settings. The specific dual-task protocol that may be used to assess individuals with a suspected concussion has yet to be determined, and therefore the test is not recommended for use in clinical practice given the current evidence. Additionally, psychometric properties of a dual-task gait protocol would need to be established, as recommended by Register-Mihalik et al. 50 Gait performance during a dual-task test condition is a viable measure for use in the clinical setting, as gait velocity can be assessed with a measured distance and stopwatch. However, age-related, normative values for dual-task gait velocity do not exist. This practical limitation prevents clinicians from establishing an individual's expected performance or ability to divide attention. In contrast, single-task gait speed normative values have been established. 3 The results of a decreased gait velocity in those with concussion when assessed with a dual-task test suggest an increased dual-task cost compared to controls. The magnitude of difference in gait speed while performing a cognitive task may help to distinguish those with and without concussion or those with persistent postconcussion deficits that are subclinical and undetected with usual testing recommended by clinical practice guidelines. The differences in dual-task gait velocity of 0.07 to 0.24 m/s in 6 articles 6, 7, 11, 28, 45, 46 were based on data potentially derived from the same sample of adults. Independent laboratories reported a similar trend toward a significant difference in gait velocity between those with and without concussion, but did not provide quantitative data. 12, 14, 19, 20 The minimal detectable change of 0.05 m/s 57 gait testing as a diagnostic tool, including the associated psychometric properties to support clinical utility. Medial-lateral displacement, a measure of gait performance reported to be increased in studies of both adults and adolescents, is a less clinically feasible measure. Although this deficit persisted up to 2 months post injury, the difference between those with and without concussion was extremely small (less than 1 cm) in comparison to the Functional Gait Assessment. 60 In this assessment, which has been validated in individuals with vestibular impairments and stroke, a deviation of greater than 15.24 cm outside a 30.48-cm walking width is measured as an error, which can be easily observed without the use of elaborate biomechanical equipment.
The type of cognitive task to be performed in a dual-task gait assessment has yet to be determined, as multiple protocols have been studied. Question-and-answer tasks appeared to be the most discriminating in the reviewed articles, but more research is needed to directly compare protocols and to determine which tasks are most sensitive. Furthermore, sincerity of effort is another consideration and may be accomplished by having the individual perform the cognitive task in isolation in sitting prior to simultaneously performing the task while walking. This would allow the calculation of a dual-task cost 40 of both cognitive and gait tasks. Individuals trade off cognitive performance to maintain postural stability during dual-task gait activities according to the "posture first" concept. 40 Thus, the prioritization of task during dual-task conditions affects performance, and it is necessary to control the potential for both false-positive and falsenegative test results. 56 For example, when tasks are equally prioritized, a slower gait velocity during dual-task gait assessment may be a more accurate measure of potential neural networking deficits. The articles included in this review may have varying results due to inconsistent task prioritization instructions, but there was also a lack of reporting on cognitive costs.
In future, individuals should be instructed to prioritize each task of the dual-task test equally. 56 Ease of administering a dual-task assessment by health care providers in the clinic and on the field is required to assist knowledge translation from research to clinical practice. The use of an accelerometer to measure gait parameters may be an area of further study, as it is an inexpensive clinical tool and is easily accessible. Areas of study design that require standardization and improvement include diagnosis of concussion, a dual-task gait assessment protocol conducted by blinded assessors, time points of assessment post injury, and number of trials and rest periods during a single test session. Confounding factors such as concussion symptoms, number of past concussions and their severity, sex, and concurrent rehabilitation intervention between assessments require consideration. Older age and female sex are factors that may be associated with persistent postconcussion symptoms. 32 Control of learning effects with practice trials 15, 54 was not consistently reported. An additional consideration is that repeated testing of individuals with concussion exacerbates symptoms and negatively impacts performance, necessitating protocols with rest breaks. 21, 42 Normalization of walking speed and medial-lateral displacement beyond 72 hours post injury and at 6 months to a year may reflect the progressive resolution of concussion. 37, 43 Future studies are required to assess dual-task gait velocity deficits beyond 72 hours post injury to evaluate concussion recovery and management strategies. A multicenter study with consecutive selection of participants with concussion would more effectively control the degree of selection bias and potential systematic error to strengthen the internal and external validity of study results.
Limitations and Strengths
The inclusion of articles published only in English resulted in the exclusion of 3 articles, which might have limited the scope of this review. Articles could have been missed during screening, as authors tended to use the terms mild TBI and concussion interchangeably but might only have used 1 of the terms in their title, abstract, or key words. The methodology of this review was otherwise rigorous, with excellent agreement among reviewers of study inclusion. Lack of research in non-sport-related concussion and in those outside the ages of 13 to 22 years limits the generalizability of the findings to other age groups and represents gaps in the available evidence for clinical application. Another strength of the review was the quality-of-reporting assessment, conducted by 2 independent reviewers using a comprehensive and validated scale. 53 The reporting quality of the included articles may impact the ability to make recommendations regarding the implementation of the dual-task assessment, as the degree of selection bias and systematic error could weaken the internal and external validity of the study findings. A risk of bias is present, as 15 of the 24 articles used data obtained from 2 cohorts of participants. This also prevented a meta-analysis from being conducted, as using multiple publications derived from the same study subjects violates the assumption of independence, thus creating an unacceptable risk of bias. Finally, dual-task protocols used across articles were not comparable, which also prevented a meta-analysis from being performed.
CONCLUSION
T he measurement of gait velocity within a dual-task gait testing paradigm is a promising adjunct to the clinical assessment of individuals with concussion. In the acute postinjury stage, gait velocity is a simple and cost-effective measure that may aid in the diagnosis of concussion. Limited evidence suggests that poor dual-task gait performance persists in this population, despite normal neuropsychological tests and postconcussion symptom scales. This [ research report ] may reflect the possibility that neuropsychological testing is not sensitive enough to identify deficits in the ability to divide attention in dual-task conditions. Reliance on these measures in the decision to return an individual to activity when divided attention is required may put him or her at risk of further injury or delayed recovery. 5, 29, 30, 34 To support adopting a dual-task gait testing paradigm for clinical practice, new or existing studies would need to be repeated, with the aim to include a calculation of dual-task cost, define task prioritization, and establish psychometric properties of selected testing paradigms. A clinically feasible dual-task protocol to assess a change in gait combined with a simultaneous question-and-answer task may help to better identify postconcussion changes and rehabilitation effectiveness. U
KEY POINTS
FINDINGS: Limited evidence suggests that decreased gait velocity, increased medial-lateral displacement, and increased cognitive errors with a dual-task (gaitcognitive) paradigm exist in individuals suspected to have a concussion, despite normal neuropsychological tests and postconcussion symptom scales. IMPLICATIONS: With further research, the measurement of gait velocity and cognitive errors while walking at a self-selected speed and simultaneously responding to a cognitive task may be clinically feasible for physical therapists and athletic therapists in the outpatient clinic to assess individuals with concussion. CAUTION: Fifteen articles used the same participants and data sets, creating a threat to validity and limiting the ability to make conclusions. Overall poor quality of reporting, lack of research in non-sport-related concussion, varying age groups, sex differences, and levels of acuity limit the external validity of a dual-task assessment. To date, there is no standardized protocol with validated motor and cognitive tasks for clinical assessment of individuals with concussion.
